THEOREMS RELATED WITH AREA 




The région cnclosed by the 
bounding Unes of a closed figure is callcd 
the area of the figure. 

The area of a closed région is 
cxpressed in square units (say, sq. m or 
m' j i.e,, a positive rca! number. 



The interior of a triangle is the part 
of the pïaoe encloscd by rhe triangle. 

A trianguiar .région is the union of 
a triangle and ils interior i.e., the litres line 
segments forming the triangle and iis 
interior. 

By area of a triangle, we mean the 
area of its trianguiar région. 

A 





If AABC h APQR, then area of 
(région AABC) = area of (région APQR) 


, ! Jl)^i(î^fe;)R^tahguI'ar'Ttëgiort 


The interior of a rectangle is the 
part of the plane enclosed by the rectangle. 

A rectangular région is the union 
of a rectangle and its inierior. 


B 


A rectangular région can be 
dividcd into two or more than two 
trianguiar renions in many wavs. 

BBS 

If the length and width of a 
rectangle are a units and b units 
respectively, then the area of the rectangle 
is cqual lo « x b square units. 

If a is the suie of a square, its area 
= a 2 , square units. 



(î.) Two para$$eiograms are sa.id to hc 
belween the same paraüels, when their 
bases are in the samc straight line and their 
sides opposite to these bases are also in a 
straight line; as rhe paraüclcgranis ABC.D, 

EFGH in the given figure. 

A D ~ K II 



il r F r 


same paraüels, 

when their bases are in the same straight 
line and the line joining their vertices is 
paraüci to their bases; as the A ABC, 
A DEF in the given figure. 

(iii) À triangle and a parai ielogrnm are 
said to be belween the samc paraüels. 


A 



whcn their bases are in the same straight 
line, and the side of the parallelogram 
opposite the base, produced if necessary, 
passes through the vertex of the triangle as 
are the AABC and the parallelogram 
DEFCî in the given figure. 



If 011e side of a parallelogram is 
taken as its base, the perpendicular 
distance between thaï side and the side 
paralJel to il, is called the Altitude or 


Hcight ofthe parallelogram. 



If one side of a triangle is taken as 
its base, lhe perpendicular to thaï side, 
from the opposite vertex is called the 
Altitude or Hcight of the triangle. 



“Triangles or parallelograms 
having the same or cqual altitudes can be 
piaced between the same parallels and 
conversely.” 



that their bases BC , EF are in the same 


straight line and tire vertices on the same 
side of it and suppose AL , DM arc the 
equal altitudes. We hâve to show that AD 
is parallel to BCEF. 


Proof 


AL and DM arc parallel, for they 
are bolh perpendicular to BF. Also 
mAL= mDM . (given) 


AD is parallel to LM . A similar 
proof may be given in the case of 
parallelograms. 

BBH 

A diagonal of a parallelogram 
divides it into two congruent triangles 
(SSS) and hence of equal area. 


LU 


Slu 


Parallelograms on the same base 
and between the same parallel Unes (or of 
the same altitude) are equal in area. 


Two parallelograms ABCD and 
ABEF having the same base AB and DE 
between the same parallel Unes AB and 
DE. 


r d i: c 



Area of parallelogram ABCD = 
area of parallelogram ABEF 



Statements 

Reasons 

Area of (parallelogram ABCD) 
j - Area of (quad. ABEL) + area of (ACBh).-(i) 

[Area addition axiom] 





Area of (parallelogram ABEF) 

= area of (quad. ABED) + area of (ADAF)..(ii) 
In As CBE and DAF 

mCB=mDA 
mBE=mAF 
ZCBE = ZD AF 
/. ACBE = AD AF 

area of (ACBE) - area of (AD AF) (iii) 

Hence area of (parallelogram ABCD) = area 
of (parallelogram ABEF) 



(i) The area of a parallelogram is 
equal to that of a rectangle on the same 
base and having the same altitude. 

(ii) Hence area of parallelogram = base 
x altitude 


Proof 


Let ABCD be a parallelogram. AL 
is an altitude corresponding to side AB . 

(i) Since parallelogram ABCD and 
rectangle ALMB are on the same base 
AB and between the same parallels. 


LD MC 



[Area addition axiom] 

[opposite sides of a parallelogram] 
[opposite sides of a parallelogram] 

[v BCIIAD.BE II AF] 

[S. A. S. cong. Axiom] 

[cong. Area axiom] 

From (i), (ii) and (iii) 


by above theorem it follows that 
area of (parallelogram ABCD) = area of 
(rect. ALMB) 

(ii)But area of (rect. ALMB) = ÂBxAL 
Hence 

Area of (parallelogram ABCD) = ÂBxÂL 


Theoreni 


Parallelograms on equal bases and 
having the same (or equal) altitude are 
equal in area. 
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Giveii 


Parallelograms ABCD, EFGH are on the 

equal bases BC, FG, having equal 
altitudes. 


To Prove 


Area of (parallelogram ABCD) = area of (parallelogram EFGH) 


Construction 


Place the parallelograms ABCD and EFGH so that their equal bases BC , FG are in 
the straight line BCFG. Join BE and CH . 



Proof 


Statements 

Reasons 

The given ll gtm ABCD and EFGH are 

between the same parallels 

Hence ADEH is a straight line II to BC 

Their altitudes are equal (given) 

mBC - mFG 

Given 

= mËH 

Now mBC = mEH and they are II 

EFGH is a parailelogram 

BE and CH are both equal and II 


Hence EBCH is a parailelogram 

A quadrilatéral with two opposite sides 
congruent and parallel is a parailelogram 

Now ll gm ABCD = ll gm EBCH ...(i) 

Being on the same base BC and between 

But ll ëm EBCH = ll gm EFGH . . . (ü) 

the same parallels 

Being on the same base EH and between 

Hence area (ll s ' n ABCD) = area (ll gm EFGH) 

the same parallels 

From (i) and (ii) 


Exercise 16.1 


(1) Show that the line segment joining 
the mid-points of opposite sides of a 
parailelogram, divides it into two equal 
parallelograms. 



HSSabcd is parailelogram. point p is 
midpoint of side DC i.e. DP s PC and 

point Q is midpoint of side AB i.e. 
AQ=QR . 

Parailelogram AQPD = parailelogram 
QBCP 


Construction 


Join P to Q and Q to C. 



Statements 

Reasons 

m AB = m DC 

-î-mAB = — mDC 

2 2 

mQB = m PC 

Dividing by 2 







INOW 

A PQ C <-> AQBC 


| QC 

s QC 

| QB 

s pc 

1 Z 3 

= Z4 

A PQ C s A 

1 PQ 

s CB.. 

ÂD 

s CB . 

PQ 

s AD 

Z 1 

s Z 2 

mZ 

l + m 


-(i) 

(ü) 


Z PQB s Z PCB 
Z A = Z PCB 
Z A = Z PQB 
I Now 

! I f gin AQPD and ||gm QBCP 
AQ s QB 
AD s PQ 
ZA s Z PQB 


Common 

Proved 

AJt. Angles AB || DC 
S. A. S = S. A. S 

C.onesponding sides of congruent triangles 


Corrcspooding angles of congruent triangles 
Corresponding angles of |[gm 


QBCP 



Given ^ 


Proved 

gnt QBCP 

' 


v ) In a parai lelogiam ABCD, mAB- 10cm. fhe altitudes corresponding to sides AB 
ant^D are respectively 7 cm and 8 cm. Find AD 


to the sides AB and AD arc 7cm and 8crn 

Make llgm ABCD and show the given altitudes DE 
= 7cm, BF = 8cm. 

!3®l_The^area^)f parallelograrn^= base x altitude 

| Statements 

| --Area of parai lelogram ABCD =To x7 ~~(ï) 

| Also area of the llgm ABCD = AD x 8 (ü) 

| ••• m AD x 8 = 10x7 



Reasons 





mAD 


ni AD = 


10x7 


8 


35 


«3 

8 — cm 
4 


(3) If two parai lelograms of equal areas 
hâve the same or equal bases, their altitudes are 
equal. 

fiySfSfi Two paralielograms of same or equal 
bases and s ame areas. 
msm Their altitudes are equal. 



r a !.. b 

5SESS335IE1 Makc the llgm ABCD and 

EFGH. Draw DL ± ÀB and HM 1 EF 


Statements 


Area of the llgm ABCD = area of the llgm EFGH 
base x altitude = base x altitude 

m AB x m DL = m EF x m FIM 
m AB = m EF 

m EF x m DL = m EF x m HM 


But 


mDL = mHM so altitudes are equal 


Reasons 


Area = base x altitude 


Dividing by mEF wc get 


Theorera 


Triangles on the same base and of the 
same (i.e., equal) altitudes are equal in area. 

As ABC, DBC on the same base BC 
and having equal altitudes. 

BWTOa _Area of (AABC) = area of (ADBQ 

Draw BM II to CA , CN II to 



BD meeting AD produced in M, N. 


Statements 

Reasons 

A ABC and A DBC are between the same If 

Their altitudes are equal 

Hence MADN is paralle! to BC 


Area (ll gm BCAM)=Area (lf sm BCND)....(i) 

These ll gms are on the same base BC and 


between the same If 

But A ABC - - (ll gm BCAM) (ii) 

Each diagonal of a li gm bisects it into two 

2 

congruent triangles 





and ADBC = - (ll gn) BCND) (iii) 

ju 


Hence area (A ABC) = Area (A DBC) 

From (i), (ii) and (iii) 


Theorem 


Cîivei* 


Triangles on equal bases and of equal altitudes are equal in area. 


As ABC, DEF on equal bases 
BC , EF and having altitudes equal. 

i Mira 

Area (À ABC) = Area (A DEF) 



Construction 


Place the As ABC and DEF so that their equal bases BC and EF aie in the same 
straight line BCEF and their vertices on the same side of it. Draw BX II to CA and FY II to 
ED meeting AD produced in X, Y respectively 


Proof 


Statements 


Reasons 

A ABC and A DEF are between the 
parallels 

XADY is II to BCEF 

same 

Their altitudes are equal (given) 

Area (lf gm BCAX) = Area (ll gm EFYD) 

....(i) 

These ll 8ms are on equal bases and between 
the same parallels 

But AABC = | (ll gra BCAX) 

....(ii) 

Diagonal of a II 8 ™ bisects it 

and ADEF = ~ (ll gm EFYD) 

i 

...(iii) 


area (AABC) = area (ADEF) 


From (i), (ii) and (iii) 


Corollaries 


(1) Triangles on equal bases and between the same parallels are equal in area. 

(2) Triangles having a common vertex and equal bases in the same straight line, are equal 






Exercise 16 . 2 j 


( 1 ) 


Given 


To Prove: 


Proof 


Show that a médian of a triangle divides it into two triangles 
of equal area. 

Médian of the triangle 

Médian divides the triangle into two triangles of equal area. 

Make A ABC, with CD as médian and CË as altitude 



Statements 


Reasons 


mAD = mDB 
1 


•(i) 


D is midpoint of m AB 


Area of the AACD 


m AD.mCE ...(ii) 


1 


Area of the ABCD = - . mBD.mCE 
2 

= — . mAD.mCE 
2 


•(iü) 


AACD = A BCD 


( 2 ) 


By (i) 

By (ii) and (iii) 


Prove that a paralleiogram is divided by its diagonais into D 
four triangles of equal area. 


(ïiven 


To Prove 


Construction 


llgm divided by its diagonais into four triangles 



Areas of the four triangles arc equal 

Make the llgm ABCD with diagonais mAC,mBD intersecting each other at 
O. Draw BË-LÂC . 


Proof 


Statements 


Reasons 

Area of AOBC= — mOA .m BE 

2 

= — mOC.mBE 

2 

(i) 


The diagonais of the llgm bisect each other 
mOA =mOC 

In AOAB AOCD 

mOB smOD 

mOA =mOC 

<1 s <2 


opposite angles 

AOAB - AOCD 

(ü) 


AOADsAOBC 

(üi) 


Area A OAB = Area A OBC = Area AOCD 

= Area A ODA 

By (i), (ii) ,(iii) 












(3) Whkb of the following are true and which are false? 

(l) Atea of a figure means re ë ion enclosed by bounding iines of closcd figure. 
(|i) Simiîar figures hâve same area. 

(iîi) Congruent figures hâve same area. 

(iv) A diagonal of a parai îeîogram divides it into two non-congru en î triangles. 

( v) Altitude o.( a triangle means perpendicular from vertex to lhe opposite side 
(vO Area of a parallelogram is cqual to the product of base and height. 

Q.4 F ind the area of the following. 


0 ) 



3ciîi 


6cm 


(ü) 


Area = 6x3 = 1 8cm 2 



4em 


4cm 

Area = 4x4 = 1 6cm 2 
8cm 



/ 4cm 

Ln 

Area = 8x4 = 32cm 2 



TRUE 
FALSE 
TRUE 
FALSE 
(base). TR UE 
TRUE 


OBJECTIVE 


1. The région endosed by the 

bounding lines of a closed figure 
is calied the of the figure: 

(a) Area (b) 

Circle 

(c) Boundary (d) None 

2. Base x altitude = 

(a) Area of parallelogram 

(b) Area of square 

(c) Area of Rectangular 

(d) None 

3. The union of a rectangular and its 
interior is calied: 

(a) Circle région 

(b) Rectangular région 

(c) Triangle région 

(d) None 

4. If a is the side of a square, its area 


(a) a square unit 

(b) a 2 square units 

(c) a 3 square units 

(d) a 4 square units 

5. The union of a triangle and its 
interior is calied as: 

(a) Triangular région 

(b) Rectangular région 

(c) Circle région 

(d) None of these 

6. Altitude of a triangle means 

perpendicular distance to base 
from its opposite: 

(a) Vertex (b) Side 

(c) Midpoint (d) None 




